Abstract : The mobility in phloem of boron (B) has been reported to vary among plant species. Boron is phloem immobile in many species and completely mobile in others. Recent reports regarding phloem B mobility or immobility only considered temperate plants, and there is no information on tropical species. Information of phloem B mobility is useful for improving the diagnosis of B defi ciency and management of B status in crop production. This study aimed to survey tropical species for their B mobility. Leaf samples of 17 species, including cashew (Anacardium occidentale L.), mango (Mangifera indica L.), custard apple (Annona squamosa L.), papaya (Carica papaya L.), cassava (Manihot esculenta Crantz.), Indian walnut (Samanea samen (Jacq.) Marrill.), cork wood tree (Sesbania grandifl ora (L.) Pers.), tamarind (Tamarindus indica L.), jackfruit (Artocarpus heterophyllus Lamk.), guava (Psidium guajava L.), star fruit (Averrhoa carambola L.), passion fruit (Passifl ora edulis Sims.), coffee (Coffea arabica L.), lime (Citrus aurantifolia Swingle.), longan (Euphoria longana Lam.), lychee (Lychi chinensis Sonn.) and teak (Tectona grandis L.) were collected in the position of the youngest fully expanded leaf (YFEL), the middle leaf age of a branch (ML) and the oldest leaf (OL). Based on a premise that the nutrient concentration gradient between young and old leaves will be steeper in those species in which B is immobile, B concentration in the different leaf positions was examined in comparison with calcium (Ca is phloem immobile) and potassium (K is phloem mobile). Concentrations of K in all leaf types were not signifi cantly different or decreased with leaf age, while Ca concentrations were always higher in the older leaves. Three species; tamarind, guava and teak, showed concentration gradients of B that were similar to K. The results suggested that B may be retranslocated from older to younger leaves of these species, hence indicating that B may be phloem mobile in these species. However, this hypothesis needs confi rmation through studies examining retranslocation of B using 10 B isotope or identifi cation of B-complexing molecules in the phloem, e.g. sugar alcohols.
When nutrients are absorbed by roots and translocated in xylem sap by water movement to shoots, they may be transferred to phloem sap and retranslocated to sinks in roots, stems and leaf cells. However, nutrients that are stored in tissues and organs may be retranslocated via the phloem to other plant parts which transpire less, e.g. new shoot and reproductive tissues (Smith and Loneragan, 1997) . While all mineral nutrients move readily in the xylem, they vary widely in the extent of their mobility in the phloem. Nutrient retranslocation or phloem mobility can be determined by a number of criteria, including direct analysis of nutrient concentration in phloem sap, movement of isotopes, development of defi ciency symptoms, measurement of the rate of infl ux of an element during fruit development, comparison of measured contents in different plant parts, and determination of concentration gradients in plants from older to younger leaves (Van Goor and Van Lune, 1980; Marschner, 1995) .
Boron (B) is unique amongst the essential elements in that its mobility varies among species (Brown and Shelp, 1997) . In most species B mobility is insignifi cant. Evidence for this type of behavior is widespread. Hu and Brown (1994) found that symptoms of B defi ciency in young squash (Cucurbita sp.) occurred rapidly after withdrawal of B supply. In tomato (Lycopersicon esculentum) plants, which were grown with an excessive B supply, the fi rst symptoms of B toxicity appeared in the form of chlorosis at the margins and tips of leaves having high B concentrations, in contrast to the other plant parts. When B supply was interrupted, B defi ciency symptoms developed immediately in younger and immature leaves (Oertli, 1993) . By contrast, other observations indicate that B is phloem mobile in some plants. Hanson (1991) reported that the B content in leaves of apple (Malus domestica Borkh.), pear (Pyrus communis L.), plum (Prunus domestica L.) and cherry (Prunus ceasus L.) which were treated with foliar B (500 mg L -1 ) decreased to levels similar to non-treated leaves and the highest B concentration was found in untreated buds. Applying B to leaves of olive at anthesis also increased B concentrations in leaf blades, petioles, bark of bearing shoots, fl owers and fruits (Delgado et al., 1994) . One possible mechanism of B transport in the phloem is through a complex with sugar alcohols, such as sorbitol which is a primary photosynthate translocated in apple, pear, plum, cherry (Brown and Hu, 1996) , celery and peach (Hu et al., 1997) .
These studies all examined B translocation in temperate plants and there are few data for tropical species. Accordingly, this study investigated possible B mobility in tropical species, by surveying the nutrient concentration gradients between young and old leaves. The assumption was that the gradients will increase with leaf age in those species in which B is immobile.
Materials and Methods
Leaf samples were collected from seventeen woody tropical species (Table 1) , growing in low B soil (0.10 -0.15 mg kg -1 hot water soluble extract). The leaves of seven replicate trees were collected from the position of the youngest fully expanded leaf (YFEL), the middle leaf age of a branch (ML) and the oldest leaf (OL). Leaves from branches around the tree were pooled to one sample for each leaf position.
Leaf samples were oven dried at 80°C for 48 hours and ground to pass a 1-mm mesh. Samples were dryashed at 500°C and the azomethine-H method was used for determination of B (Lohse, 1982) . Boron concentration in leaves from the three positions was compared with potassium (K: phloem mobile) and calcium (Ca: phloem immobile) which were determined by atomic absorption spectrophotometry. Nutrient concentrations in leaves were compared by analysis of variance (ANOVA) and concentration means in different position of each species were separated by least signifi cant difference (LSD) at P = 0.05%.
Results and Discussion
Distributions of nutrients in each species are shown in Tables 2, 3 and 4. There were no signifi cant differences in K concentrations of cork wood tree, tamarind, coffee and lime leaves at different positions. In the remaining species, concentration of K in YFEL was the highest and decreased with leaf age (Table 2) . This is the characteristic of highly mobile elements where the nutrient in the oldest leaves is recycled to new growth (Greenway and Pitman, 1965; Smith and Loneragan, 1997) . On the other hand, increasing concentration with leaf age is in accordance with Abbreviations as in Table 2 immobility in the phloem, e.g. Ca, which showed concentration gradients across leaf ages very different to K. Concentrations of Ca were lower in the younger leaves and higher in the older leaves (Table 3) . The results of B concentration, when compared to K and Ca, could be arranged into 3 group of species. In the fi rst group, B concentration gradients were the same as Ca, including, cashew, mango, custard apple, cassava, Indian walnut, cork wood tree, star fruit, lime, passion fruit and lychee. The second group contained species which showed B concentration gradients similar to K, including, tamarind, guava and teak. The third group was inconclusive for B mobility, including, papaya, jackfruit, coffee and longan. B concentrations of papaya, coffee and longan were not signifi cantly different with leaf age. B concentrations of jackfruit increased in middle age and decreased in old leaves. That may be caused by seasonal effects (Fernández-Escobar et al., 1999) .
Conclusions
The foliar nutrient gradients suggest that B is phloem immobile in cashew, mango, custard apple, cassava, Indian walnut, cork wood tree, star fruit, passion fruit, lime and lychee whereas it may be phloem mobile in tamarind, guava and teak. The mobility of B in the phloem of papaya, jackfruit, coffee and longan was inconclusive in this experiment. B retranslocation in these species needs to be confi rmed and the mechanisms investigated with more precise methodologies, including use of B 10 feeding experiments and identifi cation of any B-complexing molecules in the phloem such as sugar alcohols, which are essential for B translocation.
